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AUTOMATED METHOD FOR CONNECTION D ISCOVERY 
WITHIN CONSOLIDATED NETWORK ELEMENTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is the first application filed for the present 
invention . 

MICROFICHE APPENDIX 
[0002] Not applicable. 

TECHNICAL FIELD 

[0003] The invention relates to the field of provisioning 
connections within consolidated network elements and, in 
particular, to a method for automating at least parts of 
the process of configuring or reconfiguring inter-node 
links between, and setting port parameters for, 
interconnected nodes within consolidated network elements. 



BACKGROUND OF THE INVENTION 

[0004] Installing, interconnecting, verifying, 

provisioning and activating state of the art 
telecommunications equipment are tasks that, to date, have 
largely been performed manually. Even for consolidated 
network elements with many nodes and inter-node links, 
current practice requires technicians to connect the 
numerous inter-node links, to provision individual ports 
using a network management interface, and to manually test 
the connectivity. For example, certain large capacity 
multi-stage switches are consolidated network elements with 
many shelves of switch matrices in each of a plurality of 
nodes. Each shelf comprises a plurality of port cards, 
each having a number of receive and transmit ports . For 
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example, a bidirectional clos-like network. switch with 
8 port cards per I/O shelf, each of the 8 port cards having 
8 receive and 8 transmit ports, with 5 I/O shelves and 20% 
expansion in the core, requires 768 inter-node links that 
interconnect 1536 ports. Each port has to be provisioned, 
and each inter-node link has to be tested. 

[0005] The increasing complexity of consolidated network 
elements further contributes to the time required to 
provision such switches. Demand for versatile and 

interoperable equipment has led to the desire to integrate 
nodes from different manufacturers into consolidated 
network elements. The provisioning of a port to compensate 
for different requirements dependent on the characteristics 
of a node the port receives data from, adds complexity to 
the configuration of consolidated network elements. For 
example, protection schemes, and connection management 
requirements for inter-node links, may depend on the make 
of the originating equipment, the product line, and whether 
an inter-node link is provisioned to use a proprietary 
transfer protocol. The growing number of constraints on 
inter-node links, is also increasing the number of tests 
required for each consolidated network element. Further 
still, bandwidth allocation schemes and the interconnection 
of inter-node links to form consolidated signaling channels 
impose new constraints on adjacency of strands, strand 
bundles, and shelves. 

[0006] It is also known in the art of optical transmission 
systems, that relatively inexpensive transmitters 
e.g. parallel optical interfaces (POIs) can be used over 
single mode strands of optical fibers, for very short reach 
(a few hundred meters) . These strands may be bundled as 
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single mode or multi-mode optical fibers (such as parallel 
very short reach (PVSR) strand bundles. While these offer 
an attractive solution to inter-nodal linkage, a number of 
problems complicate deploying bundles of single mode fiber 
in consolidated network elements. First, the requirement 
for testing each fiber strand in the bundle is onerous. 
Whereas prior art consolidated network elements had 
relatively few connectors, bundles of 12 strands in a 
network switch of the previous example yields 7680 strands 
to verify. Moreover, the strands are bundled in a certain 
sequence and that sequence needs to be verified, to ensure 
that the bundle order is preserved at each end. There is 
currently no known way of automating the provisioning of 
bundles of single mode or multi-mode optical fiber strands 
as inter-node links. 

[0007] Existing methods for configuring consolidated 
network elements require that a technician use a network 
management interface to specify receive and transmit port 
parameters, in dependence on the source of the inter-node 
link. Determination of the source of inter-node links in 
consolidated network elements requires that a set of test 
signals be set up, input and transmitted. Usually a 
technician will supply the test signals to controllers at 
opposite ends of an inter-node link so that a first end 
transmits the test message, and a second end receives the 
test message. If the received message matches the expected 
test message, the test is successful. The technician then 
applies parameters for the receive port, accordingly. 

[0008] There therefore exists a need for a method for 
automating the provisioning of receive ports of 
interconnected nodes in a consolidated network element. 
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There also exists a need of a message for enabling 
inter-node connection discovery, particularly for 
interconnected nodes in a consolidated network element that 
are interconnected using one or more bundles of optical 
fiber strands, where many strands need to be discovered and 
tested. There is also a need of a method for enabling 
inter-node connection discovery in collocated 

telecommunications equipment using messaging. 

SUMMARY OF THE INVENTION 

[0009] An object of the invention is therefore to provide 
a method for enabling connection discovery between 
interconnected nodes in a consolidated network element that 
convey streams of data frames with payload and overhead 
parts. Advantageously the method permits automatic 

provisioning of receive ports of the nodes. Also 
advantageously the method permits derivation of a 
connectivity map of the nodes. The method also provides a 
means for verifying that connections between nodes conform 
to equipping rules for interconnecting at least nodes of 
one consolidated network element. Yet another advantage of 
the method of the present invention is that it enables 
bundles of single mode optical fiber strands to 
interconnect the collocated nodes, and provides a feasible 
means for provisioning and testing the strands. 

[0010] Accordingly a method is provided for enabling 
inter-node connection discovery between interconnected 
nodes in a consolidated network element, such as 
synchronous optical network (SONET) or synchronous digital 
hierarchy (SDH) nodes that process streams of data frames 
with overhead and payload parts. The method involves 
inserting message bytes into the overhead parts of at least 
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one data frame of each stream transmitted between any two 
of the interconnected nodes. Each message contains at 
least identifiers of: the equipment that controls the 
insertion; a transmit port through which the data frames 
containing the message was transmitted; a strand in a 
bundle of optical fiber strands through which the data 
stream containing the message was transmitted; and, a node 
type of the interconnected node. The streams are 

transmitted over respective strands of strand bundles, and 
received by receive ports of respective interconnected 
nodes, where the message bytes are extracted and processed. 

[0011] The processing of each of the messages may be used 
to automatically set at least one port parameter of the 
receive port that received the data stream containing the 
message. The processing may also be used to verify 
integrity of the strand over which the data stream was 
transmitted. Using the strand identifier, the processing 
may also verify that the ordering of the strands in the 
bundle is preserved at the receiver end. If the processing 
of the messages received at respective groups of receive 
ports is coordinated, the processing may further be used to 
test adherence to equipping rules. The coordinated 

processing of all of the messages may be used to generate a 
connectivity map of the collocated nodes. If adjacency 
across a plurality of strands is required, contiguity can 
be verified by coordinated processing of the messages 
received at respective receiver ports. The message may 
further comprise a field for a final strand tag. If 
adjacency of strands is required in units other than that 
of the number of strands in a bundle, the final strand tag 
is set to indicate that the strand is the last in a 
contiguous set of strands. The inclusion of a final strand 
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tag field in the message facilitates the verification of 
contiguity and completeness of groupings of strands. 

[0012] Breach of contiguity or completeness of strands, 
failure to adhere to equipping rules, the connectivity map, 
failure of the bundle to preserve the strand order, or the 
integrity failure of a strand, may then be reported to a 
management interface. 

[0013] If the nodes in the consolidated network element 
are adapted to perform bidirectional transport of streams, 
the method may further comprise steps of issuing replies 
from designated nodes in response to messages received on 
receive ports. The replies to the respective messages are 
issued over communications channels in the overhead of a 
data unit of respective streams transmitted by transmit 
ports paired at the designated nodes, with the respective 
receive ports. The replies contain the equipment, and port 
identifiers contained in the respective message. Sending 
the replies therefore permits interconnected nodes that 
receive the replies to verify that the inter-node links 
form bidirectional links that correspond with the pairing 
of ports of both collocated nodes. Any inconsistency 
between the pairing of ports and the bidirectional links 
may be reported to the management interface. Usually 
interconnected nodes are arranged in rows, and if so it may 
be preferable to designate the nodes of alternating rows to 
reply to the messages . 

[0014] If the interconnected nodes comprise synchronous 
optical network (SONET) or synchronous digital hierarchy 
( SDH) equipment, a section trace formed of consecutive JO 
bytes in the section/regenerator overhead of the data 
frames, may be used to convey the message. In this case, 
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the replies may be transmitted through section data 
communications channel (DCC) of the overhead of the data 
frames . 

[0015] According to an aspect of the invention, a message 
is provided that enables connection discovery between 
interconnected nodes in consolidated network elements that 
convey streams of data frames having overhead and payload 
parts. The nodes are interconnected by bundles of optical 
fiber strands, and the message is conveyed from a sending 
node, through a strand, to a receiving node. The message 
contains at least the following: an equipment identifier 
that identifies equipment of the sending node that controls 
the generation of the message; a port identifier that 
identifies a port of the sending node through which the 
message is transmitted; a strand identifier that identifies 
the strand; and an equipment type identifier that 
identifies a category of the equipment identified by the 
equipment identifier. 

[0016] The message is preferably carried in the overhead 
of at least one data frame in the stream. The stream may 
be a stream of synchronous optical network (SONET) or 
synchronous digital hierarchy (SDH) frames, in which case 
the message may be transmitted in a JO bytes of the frames. 

[0017] Preferably the equipment identifier identifies the 
control equipment that most directly governs the transmit 
port In most nodes this is a shelf controller. In the 
absence of a shelf controller the sending node itself may 
be identified. The equipment identifier may be, for 
example, a media access control (MAC ) address. As is known 
in the art, MAC addresses are assigned to shelves and nodes 
at the time of manufacture, in accordance with a standard. 
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[0018] The equipment type identifier preferably enables 
access to enough information regarding the characteristics 
of the node that sent the message, to ensure that the 
receiving node can accurately determine appropriate 
parameters to apply to a receive port at which the message 
is received. The information will therefore enable the 
receiving node to automatically set receive port 
parameters. Particularly, port parameters are set in 
accordance with an assigned protection scheme and 
connection management requirements of the stream received 
at the receive port. 

[0019] The message may further include a final strand tag 
field to enable contiguity, completeness and sequence 
testing for groups of strands that form a consolidated 
channel . 

[0020] According to an aspect of the invention, a method 
is provided for automatically provisioning a receive port 
of a first node adapted to receive a data stream of frames 
with overhead and payload parts from a transmit port of a 
second node. The first and second nodes are interconnected 
by an inter-node link. The method involves formulating and 
inserting a message of a predefined format into at least 
one predetermined byte of at least one data frame of the 
data stream. The message contains information regarding 
the format of the data stream that conveys the message. In 
accordance with the method, at least one data frame is 
transmitted over the inter-node link to the receive port, 
where the message is extracted and forwarded to a 
controller of the receive port. The controller then uses 
the information to automatically set at least one parameter 
of the receive port . 
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[0021] The port parameters may be set in accordance with a 
protection scheme, and connection management requirements 
for the data stream. 

[0022] The method may further be adapted to verify at 
least one of the following: connection integrity, strand 
adjacency requirements, and equipping rules, in which case 
the message includes identifiers of the port and control 
equipment of the first node. 

p 

hi [0023] If the inter-node link comprises a bundle of fiber 

optic strands, the information in the message may further 
ru include data for verifying strand integrity, strand 

s sequence, and contiguity and completeness of groups of 

J! strands. 
Tu 

O BRIEF DESCRIPTION OF THE DRAWINGS 

%&. 

[0024] Further features and advantages of the present 
invention will become apparent from the following detailed 
description, taken in combination with the appended 
drawings, in which: 

[0025] FIG. 1 is a schematic diagram illustrating a 
generic structure for a telecommunications node in 
accordance with the prior art; 

[0026] FIG. 2 is a block diagram schematically 
illustrating connections in a consolidated network element 
in accordance with the prior art; 

[0027] FIG. 3 is a block diagram schematically 
illustrating connections between a plurality of collocated 
telecommunications nodes; 
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[0028] FIG. 4 is a schematic diagram illustrating a data 
frame used in accordance with the present invention; 

[0029] FIG. 5 is a schematic illustration of a message 
format in accordance with the present invention; 

[0030] FIG. 6 is a flow chart illustrating principal steps 
in a method in accordance with the present invention ; 

[0031] FIG. 7 is a flow chart illustrating principal steps 
involved in processing a message in accordance with the 
invention to test links interconnecting paired ports; 

[0032] FIG. 8 is a flow chart illustrating principal steps 
involved in processing a message in accordance with the 
invention for verifying strand integrity and strand 
sequence in a fiber bundle; 

[0033] FIG. 9 is a flow chart illustrating principal steps 
involved in processing a message in accordance with the 
invention to automatically set parameters at a receive 
port ; and 

[0034] FIG. 10 is a flow chart illustrating principal 
steps involved in processing messages in accordance with 
the invention for using connection autodiscovery 
information to select verification and maintenance 
procedures . 

[0035] It should be noted that throughout the appended 
drawings, like features are identified by like reference 
numerals . 



a 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0036] The invention provides a method for enabling 
interconnected nodes in a consolidated network element to 
perform automated connection discovery. The discovery of 
connections may be used to automatically provision receive 
ports of the nodes, derive a connectivity map of the nodes, 
verify that connections between nodes follow configuration 
rules, and enable bundles of single mode optical fiber 

O strands to be used to interconnect the collocated nodes. 

O 
hi 

[0037] FIG. 1 schematically illustrates a generic 
fel structure of a node 10 in an optical network. A node 10 

ru 

m typically has a plurality of shelves 12 (shelves 1-4 

illustrated) . As is known in the art, each shelf 12 is an 
fU independent switching module of the node 10 that permits 

y. switching of data streams between port cards 14 (cards 1-4 

jp illustrated for each shelf 12) . Each port card 14 has a 

number of ports 16 (ports 1-8 illustrated for each port 
card 14) . The node 10 illustrated is bidirectional, and so 
each port 16 includes a respective transmit port (Tx) 18 
and a receive port (Rx) 20. The operation of each shelf 12 
as a switching module involves switching data streams 
between Rx ports 20 and Tx ports 18. A shelf controller 22 
on each shelf 12 is responsible for controlling the intra- 
shelf switching. Each Tx port 18 and Rx port 20 is 
configured using a plurality of parameter settings. The 
parameter settings depend on the format of the data frames 
that the port is provisioned to send and receive. The 
frame format dictates a protection scheme for, and 
connection management requirements of, the data stream 
received at respective ports. The parameter settings of 
the ports control operating conditions at the ports, such 
as an action to take in the event of a loss of signal, and 
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the monitoring activities to perform with overhead parts of 
the data frames of the received data stream, for example. 

[0038] FIG. 2 schematically illustrates connections in a 
consolidated network element (CNE) 24 of a type known in 
the art. The CNE 24 includes a plurality of input/output 
(I/O) nodes 10a, and a plurality of core nodes 10b that are 
interconnected by inter-node links 26. 

[0039] The I/O nodes 10a are different from core nodes 10b 
in that they are adapted to translate between a data frame 
format used in the network to a data frame format used 
within the CNE on the inter-node links 26, which may be a 
proprietary frame format. As the inter-node links 26 span 
very short distances (200-500m) in comparison to longer- 
reach network links, and as the network potential restricts 
use of an overhead portion of the data frames, the format 
of frames exchanged within the CNE may be different, both 
on the physical transmission layer, and in the format of 
the data frames. The transfer rate may also be different 
and/or have a different distribution of wavelength division 
multiplexing and time division multiplexing units. 

[0040] Many procedures are required to configure and 
initialize the nodes 10, and to ensure that the nodes 10 
are correctly interconnected. As is known in the art, 
interconnections between the nodes 10 within the CNE 24 
adhere to equipping rules. The ports of CNE 24 are 
uniquely identified by an ordered triplet (n,s,p), wherein: 
n identifies the node, s identifies a number of the shelf 
in the node 10, and p identifies a port. Equipping rules 
are restrictions of bijective mappings from (n,s,p) to 
(n,s,p) such that every Rx port 20 is mapped to a Tx 
port 18. There are many simple rules that are used to 
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formulate equipping rules, such as, for instance that layer 
n node of a multilayer CNE is connected only to layer n-1 
or layer n+1 switches. Generally equipping rules strive to 
reduce the amount of blocking between the nodes by 
distributing the data streams as evenly as possible across 
a next layer of nodes. In conflict with this, however, is 
a desire to maintain contiguity of inter-node links that 
form consolidated channels. As is known in the art, to 
maintain consolidated channels formed of multiple 
inter-node links, the links generally need to be processed 
by the same shelf, so that data frame synchrony can be 
maintained. There are also other factors taken into 
account when formulating equipping rules for various CNEs, 
as is known in the art. 

[0041] The equipping rules may be verified at many levels. 
For example, at a port card level, a pattern of sources 
of 8 received data streams can be used to verify locally 
the adherence to equipping rules, assuming the equipping 
rules are systematic. For instance, if a rule asserts that 
each of 8 second layer nodes (1-8) receives a data stream 
from a port numbered (1-8, respectively) on respective port 
cards, the receipt of a data stream from a port having a 
different number would indicate a failure to adhere to the 
equipping rule. Generally, to be sure that shelves or 
nodes have not been swapped, the equipping rules are tested 
at a higher level, as well. A CNE connectivity map is 
generated at a highest level, and each port is compared 
with the connectivity map to ensure that the equipping 
rules have been followed. 

[0042] FIG. 3a schematically illustrates connection of a 
plurality of collocated nodes that are configured as CNEs. 
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One CNE, CNE 24 includes multiple layers of core nodes 10b 
and a layer of I/O nodes 10a. The inter-node links between 
the nodes of the CNE 24 are bundles of optical fiber 
strands 28. 

[0043] A core node 10b' is a part of the I/O layer. The 
core node 10b' is adapted to exchange data streams with a 
collocated CNE 24' and a collocated router 25, via 
respective bundles of optical fiber strands 28' . The 
network traffic exchanged with the core node 10b' may 
conform with the network frame format, even if the physical 
transmission layer is different. If so, I/O ports of the 
CNE 24' and router 25 are adapted to translate between a 
proprietary frame format, a frame format used by the 
router 25, and a frame format that conforms with the 
network protocol, if different. The standard frame format 
is transmitted over bundles of optical fiber strands 28' to 
the core node 10b' . The frame format used internally by 
the CNE 24, the CNE 24', and the router 25 may all be 
different. The internal frame formats are often 

proprietary. 

[0044] As illustrated, the I/O nodes 10a receive long haul 
transmission fiber and dense wavelength division 
multiplexed, short reach (DWDM/ SR) fiber which support 
various data transmission rates known in the art. 

[0045] FIG. 3b illustrates another configuration of two 
collocated CNEs that are interconnected via a core 
node 10b. In this configuration, none of the bundles of 
intra-switch optical fiber .strands is required to use the 
network frame format. Each of the CNEs 24 and 24' may, 
however, use a proprietary frame format, connection 
management interface, and CNE controller. 
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[0046] FIG. 4 is a schematic diagram of a structure of a 
prior art synchronous transport signal (STS) -3 frame, in 
accordance with the synchronous optical network (SONET) 
protocol, and a synchronous transport mode ( STM) - 1 frame, 
in accordance with the synchronous digital hierarchy (SDH) 
protocol. The frame 3 0 has a 2,34 9 byte payload part 32, 
and a 81 byte frame overhead part 34. In addition, 
27 bytes of the payload part 32 are used for path overhead, 
while the remaining 2,322 bytes are reserved for payload 
data. The frame overhead part 34 is partitioned into 
regenerator or section overhead (R/S OH) 36, and multiplex 
or line overhead 38. The R/S OH 36 occupies one third of 
the overhead part 34, and marks a beginning of the frame 
using a framing pattern. As is known in the art, 
3 Al bytes, followed by 3 A2 bytes are generally used for 
the framing pattern (Al=hex F6, and A2=hex 28) . 
Immediately following the framing pattern is a byte called 
the JO byte 42 . Both the SONET and the SDH standard 
provide a communications channel using the JO byte, called 
a section trace. The SONET standard defines a 16-byte-long 
section trace message that is generated from JO bytes 
extracted from 16 consecutive frames. The SDH standard 
defines a 16-byte-long section trace message. A last third 
of the R/S OH 3 6 is a data communications channel (DCC) 44 
defined by both standards. 

[0047] FIG. 5 is a schematic diagram of a 16 byte format 
for a message 50 in accordance with the invention. The 
section trace message in accordance with the SONET standard 
has 105 usable bits, because the first bit 52 of each of 
the 16 bytes is set to zero, and a remainder of the first 
byte is reserved for a cyclic redundancy check 54 to 
provide error detection for section trace messages. Of the 
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105 available bits, a six bit version marker 56 is inserted 
at a beginning of the message. The version marker 56 is 
used to make the message format backwards compatible, and 
may also be optionally used as a vendor tag. The last bit 
in the second byte is a null bit 57. The next successive 
usable bits of the message are used to convey a media 
access control (MAC) address 58, which is a 48 bit 
identifier of telecommunications equipment. The MAC 

address 58 identifies the shelf 12 (FIG. 1) that contains 
the Tx port 18 over which the message was transmitted, 
unless the structure of the node is other than as 
illustrated in FIG. 1, or the shelf does not have a MAC 
address, in which case the MAC address of the node is 
inserted. The reason for using the MAC address of the 
shelf is to associate the message with the most local 
equipment that can be automatically identified when the 
equipment is turned on. The MAC address is inserted in the 
usable bits of the 3-8 th bytes, inclusively, and the first 
6 bits of the 9 th byte. A 12-bit port number 59 of a 
port 16 (FIG. 1) through which the message was transmitted, 
begins in the last bit of the 9 th byte, continues through 
the usable bits of the 10 th byte and the first four bits of 
the 11 th byte of the message. A 6-bit node type 60 of the 
equipment uses 3 bits in the 11 th byte and 3 bits in the 
12 tl1 byte. The node type 60 identifies relevant structure, 
capacity, and mode of the use of the identified equipment. 
A one-bit final strand tag ( FST) 62 follows the node type 
60 in the 12 th byte. The FST 62 is set to indicate that a 
strand through which the message is transmitted is a last 
of a group of strands. The FST is useful for testing the 
completeness of the group. A 6-bit strand identifier 64 
follows in the last 3 bits of the 12 th byte and the first 3 
bits of the 13 th byte. The strand identifier 64 indicates 
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a strand number of a strand through which the message was 
transmitted. The remaining bytes 68 of the message are 
currently unallocated. It should be understood by those of 
skill in the art that many of the details of the message 
structure are not essential to its function in various 
embodiments of the invention, and that the message may be 
carried in different overhead bytes in other frame 
sections, while enabling the same benefits. 

[0048] FIG. 6 is a flow chart illustrating principal steps 
involved in a method in accordance with the invention for 
using the message illustrated in FIG. 5 to enable system 
layout and testing (SLAT) and configuration management for 
consolidated network elements 24. In step 100, nodes 10 
(FIG. 1) of a consolidated network element 24 are 
interconnected and activated in an initialization mode. 
Each node 10 independently generates respective messages 50 
(FIG. 5) to be transmitted by respective Tx ports 18 
(step 102) . Respective bits of messages 50 are, in 

step 104, inserted into respective data frames 30 (FIG. 4). 
The data frames 30 are transmitted by respective Tx 
ports 18 (step 106) to the respective Rx ports 20 to which 
the respective Tx ports 18 are connected. The respective 
Tx ports 18 of the nodes 10 receive the data frames in 
step 108, and the message bits are extracted and processed 
in step 110. Where and how the message is processed is a 
matter of design preference. The processing may involve 
network management level computing, and/or control of 
CNEs 24, nodes 10, shelves 12, or Rx ports 2 0 and Tx 
ports 18. If the message processing is not performed by a 
management interface provided for technicians who 
interconnect the respective nodes, results of the message 
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processing are preferably reported to the management 
interface . 

[0049] FIG. 7 is a flow chart illustrating principal steps 
involved in processing a message 50 (step 110 of FIG. 6) in 
accordance with the invention to verify that bidirectional 
links interconnect corresponding paired ports of nodes 10. 
As is illustrated in FIG. 1, the ports 16 of port cards 14 
that perform bidirectional transport of data frames, are 
paired. It is a requirement of bidirectional networks that 
each paired port 16 be interconnected by respective 
inter-node links 26, so as to form loops including the 
Tx,Rx pairs of connected nodes 10. Uncorrelated messages 
cannot detect an improper connection of inter-node links 26 
connected to paired ports. Correlation of the messages is 
therefore required, but only one correlation needs to be 
performed for each candidate loop. It is therefore 
economical and simple to issue a reply to the message from 
one end of each candidate loop. This can be simply 
arranged by designating alternating layers of nodes 10 
within a layered CNE 24, for example, to issue the reply 
message . 

[0050] In step 120, information contained in the 
message 50 received at an Rx port 2 0 of a designated 
node 10, is extracted. The information necessary to 
identify the source of the message, the equipment ID (i.e. 
the MAC address 58), and the port number 59, in particular 
are extracted from the message, step 120. In step 122, the 
source identification information is inserted into a reply 
formulated in response to the message 50. In step 124, the 
reply is issued to the equipment identified in the message. 
The purpose of the reply is to permit the correlation of 
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ports paired with each other via bidirectional inter-node 
links. Any message exchanged from a recipient of the 
message 50 to a source of the message 50, that contains the 
pairing of ports at the receiving equipment, will satisfy 
these requirements. Advantageously the reply can be 
inserted into a data communications channel (such as 
section DCC 44) of the data frame transmitted by a Tx 
port 18 that is paired with the Rx port 20 at which the 
message 50 was received. An identifier of the pairing of 
the ports of the designated equipment is not required. 
Rather, the action of automatically conveying the reply 
through the paired port ensures accurate indication of port 
pairing to the equipment that sent the message 50. Of 
course, if the paired ports are incorrectly connected, the 
equipment that sent the message 5 0 will not receive the 
reply, in which case the receiving equipment may generate 
an error message, and forward the error message to the 
management interface. The equipment that sent the message, 
but cannot correlate the message with the reply, may also 
generate and forward an error to the management interface. 

[0051] In step 126 a node 10 receives the reply through 
the DCC 44 or an equivalent internode communications 
channel at a Rx port 20. The node 10 extracts the source 
identification information and correlates it with messages 
it transmitted. If the Rx port 20 is paired with the Tx 
port 20 identified by the source identification 
information, bidirectionality of the links is verified. 
Otherwise, the pairing of the ports were not respected by 
the connections of the inter-node links 28 (step 128) . The 
node may report a successful correlation to the management 
interface, or alternatively, only error messages may be 
forwarded to the management interface, in step 13 0. 
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[0052] One use for the automatic connection discovery 
permitted by the message 50 and using the method of FIG. 6 
is therefore the automatic detection of bidirectional port 
pairs that are not interconnected with respective port 
pairs of other nodes connected to a ONE 24. 

[0053] FIG. 8 illustrates principal steps involved in 
processing a message 50 (step 110 of FIG. 6) to perform 
strand-level testing of the inter-node links (i.e. to 
verify strand integrity and preservation of strand order 
within a strand bundle) . This involves testing to 

determine whether individual strands transmit within 
tolerances, and that the strands in the strand bundle are 
connected in a correct order. Adjacency testing of strands 
that are consolidated to form a broadband channel may also 
be performed, depending on the switching configuration of 
the connected nodes. The preservation of strand order in 
strand bundles is more complicated if one or more bundles 
are cross-connected by a patch panel intermediate the 
nodes . 

[0054] Since many commercially available strand bundles 
are sheathed bundles with optical interfaces at opposite 
ends connected to respective strands, the ordering of the 
strands must be preserved at both ends. If the optical 
interfaces are misaligned or defective at either end, the 
bundled strands may be incorrectly identified. The 
misidentif ication of strands, and the incorrect ordering of 
strands can cause errors in CNEs 24 that switch data 
streams on a finer granularity than that of the strand 
bundle. Even if the switching granularity is that of a 
bundle of strands, the ordering of the strands may need to 
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be preserved across the CNE 24, depending on the format of 
the data frames. 

[0055] In step 14 0, an issued strand number, which indexes 
the strand through which a message 50 was sent, is 
extracted from the message 50. If all of the strands 
received messages, no strand integrity loss is detected. 
The node 10 that receives a message at an Rx port 2 0 
correlates its assigned strand number with the received 
strand number (i.e. the strand through which the message 
was sent), in step 142. If the assigned strand number 
matches the received strand number, for each of the strands 
connected to the Rx port 20, the strand order is verified. 
If the assigned and received strand numbers do not match, a 
strand bundle error is detected. A message reporting the 
results of the strand- level test is sent to the management 
interface 29 (FIG. 3a. 

[0056] FIG. 9 illustrates principal steps of processing a 
message 50 (step 110 of FIG. 6) , to automatically set port 
parameter settings of a receive port. The receive ports of 
CNE 24 generally receive streams of data frames that are 
laden with signaling information. The information received 
depends on the format of the data frames, and, a mode in 
which the data frames are being sent. Consequently, a byte 
in a frame overhead may be interpreted differently by 
different nodes 10. While equipment that is configured to 
use a standard protocol, such as the SONET or SDH, may use 
only a few types of frame (section, line and path 
termination schemes) , many manufacturers transmit standard 
data frames, but use the frame structure in proprietary 
ways. Generally proprietary uses of overhead frame bits 
are hidden from users. It is therefore important to 
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distinguish the required interpretation of overhead bytes 
in frames, in order to ascertain connection management 
requirements, and protection schemes to apply to a data 
frame. The connection management requirements include 
monitoring and controlling signaling between nodes using, 
overhead bytes in the frames. Operations such as those 
that are to be applied in the event of a loss of signal, 
are included in the connection management requirements. As 
is known in the art, protection schemes are used in 
standards to provide dynamic rerouting of connections in 
the event of a connection failure. 

[0057] In step 150 an indicator of node type 66 is 
extracted from the message 50. The node type 66 identifies 
relevant features of the equipment required to ascertain 
the connection management requirements of the inter-node 
link 26 through which the message 50 was received. A table 
relating the node type 66 to the connection management 
requirements is accessed by a processor, in step 152. The 
table contains settings which, in step 154, are applied at 
the Rx port 20 at which the message 50 was received. The 
node type information may supply configuration requirements 
of a Tx port 18 that transmitted the message 50, or other 
information, as required. Preferably results of the 

automatic port assignment, including any ports for which 
settings are not available or recognized, are reported to 
the management interface 29. 

[0058] FIG. 10 illustrates principal steps involved in 
processing a message 50 (step 110 of FIG. 6) , to enable 
connection autodiscovery information to be used for 
selected verification and management procedures. In 
particular, verification of adherence to equipping rules, 
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contiguity testing and generation of a connectivity map are 
enabled . 

[0059] Equipping rules, as previously explained, are used 
to govern interconnection of nodes in CNEs 24, wherein a 
CNE controller executes a management tool for governing 
constituent nodes. The equipping rules relate to 

permissible interconnections of Tx ports 18 of the CNE 24 
to respective Rx ports 20. The many levels of equipping 
rule testing may be performed by different processors in 
some CNE configurations, but it is assumed that a 
management interface, or another processor that can 
communicate with each of the Tx ports 18 and Rx ports 2 0 qf 
interconnected nodes, performs this function, and therefore 
may perform a complete test of adherence to the equipping 
rules . 

[0060] The connectivity map is a one-to-one mapping from 
the Tx ports 18 of connected nodes (except for output ports 
that are provisioned to interconnect nodes that are not 
connected to core nodes of the CNE) to Rx ports 20 of the 
connected nodes (except for the input ports that are 
provisioned to interconnect nodes that are not connected to 
core nodes of the CNE) . A connectivity map can be used to 
verify adherence to equipping rules. 

[0061] Contiguity testing is used to ensure that channels 
formed of consolidated inter-node links are conveyed to 
adjacent Rx ports 20 of a common shelf, for instance. The 
requirements imposed on inter-node link connectivity are 
verified with contiguity testing. 

[0062] In step 160 messages 50 received at respective Rx 
ports 20 of the interconnected nodes are forwarded with 
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identifiers of the respective Rx ports 20, to a processor. 
The processor may then test adherence to the equipping 
rules, generate a connectivity map, and/or perform 
contiguity testing (step 162). In step 163, the processor 
reports the results of the verification and management 
procedures to the management interface 29. 

[0063] The invention therefore provides a mechanism for 
facilitating system layout and testing (SLAT) as well as 
configuration management of consolidated network elements. 
SLAT is significantly simplified because receive ports 
autoconf igure on initialization to match requirements of 
connected transmit ports. Strand misordering is also 
detected and reported to eliminate tedious manual setup and 
test procedures. 

[0064] The embodiment (s) of the invention described above 
is (are) intended to be exemplary only. The scope of the 
invention is therefore intended to be limited solely by the 
scope of the appended claims. 



